Background: Identifying early pre-teen predictors of adolescent weight gain and the development of impaired fasting glucose (IFG) and type 2 diabetes (T2DM) at age 18 -19 y could provide avenues for prevention. Objective: We evaluated possible pre-teen predictors for development of IFG, T2DM, and changes in body mass index at age 18 -19 y in black and white girls. Design: In a prospective cohort study, body habitus and fasting insulin and glucose were measured at ages 9 -10 and 18 -19 y, and multiple 3-d diet records were collected. Factors predicting 10-y change in body mass index and development of IFG and T2DM together were assessed. Results: In multivariate analyses, 10-y change in homeostatic model assessment of insulin resistance (HOMA-IR) and the age 9 -10 y HOMA-IR ҂ percentage of calories from fat interaction were positive predictors of 10-y changes in body mass index. At age 18 -19 y, there were 5 incident cases of T2DM, 37 cases of IFG, and 597 noncases. Age 9 -10 y IFG and HOMA-IR (or insulin), 10-y change in HOMA-IR (or insulin), and the age 9 -10 y insulin ҂ total caloric intake interaction predicted IFG and T2DM at age 18 -19 y. Conclusions: Pre-teen IFG, insulin resistance (and insulin), and rapidly increasing insulin resistance during adolescence identifies girls who are at greater risk of future IFG and T2DM. In addition, insulin resistance, interacting with high-fat diets, identifies girls who are at risk of greater weight gain. These findings could open avenues to primary prevention of obesity, IFG, and T2DM in children.
INTRODUCTION
During the past 25 y, the prevalences of obesity and type 2 diabetes mellitus (T2DM) have increased, and the age at onset of T2DM has dropped dramatically, especially in black females (1, 2) . T2DM now presents in the teenage years with increasing frequency, which reflects the longer duration of the obese insulin-resistant state in late teens (2) . Although impaired fasting glucose (IFG), obesity, insulin resistance (IR), and impaired insulin response to glucose are independent predictors of T2DM in population studies of adults (3) , their association in childhood has not been established. Furthermore, the association may be dependent on a positive family history of T2DM (4) . IR is robustly associated with the development of T2DM in adult offspring of 2 parents with T2DM, but not in adults whose parents did not have T2DM (4) . Most obese, insulin-resistant persons do not develop T2DM, and their normal glucose tolerance is maintained by great enough increases in insulin secretion to compensate for IR (5) . Gerich (6) suggested that the superimposition of obesity-related IR on a beta cell with genetically limited ability to compensate by increasing insulin secretion is "ѧ the fundamental pathological sequence of events." In contrast (7), although this issue is hotly debated, IR may not necessarily be an essential component of T2DM (6) , even though most patients with T2DM have some degree of IR. Models to predict which children are at greater risk of IFG and T2DM could provide diagnostic and therapeutic insights into the etiologic relations of IR to IFG and T2DM (8) .
Numerous studies report that IR plays an important role in the development of obesity. There is, however, no consensus as to whether IR promotes weight gain or loss or whether its role may vary, given environmental factors such as total caloric and fat intake (9 -16). Mosca et al (17) reported that IR in adults appears to interact with high-fat diets to increase weight gain.
Prospective analysis of the role of IR in the development of obesity, IFG, and T2DM in childhood and adolescence may provide therapeutic approaches to slow or even reverse the current trends of pandemic obesity and T2DM by young adulthood (18) . An ancillary study of the National Heart, Lung, and Blood Institute (NHLBI) Growth and Health Study (NGHS), a 10-y prospective study of the development of obesity in black and white girls, offers such an opportunity (18) . Two clinical centers of NGHS elected to collect fasting blood for the measurement of insulin and glucose in years 1 (age 9 -10 y) and 10 (age 18 -19 y).
In the current report, we evaluate the role of pre-teen IR resistance and insulin in adolescent weight gain and the development of IFG and T2DM. We hypothesized that pre-teen IR, interacting with dietary factors such as total calories and fat calories, and the 10-y change in IR would positively predict 10-y increases in body mass index (BMI) and the development of IFG and T2DM. We further hypothesized that age 9 -10 y BMI would be a strong independent predictor of 10-y changes in BMI during adolescence, because the tracking of BMI is well documented (19 -21) .
SUBJECTS AND METHODS
The NGHS was described previously (18) . It was conducted under contract with NHLBI and was motivated by the racial disparities in both obesity and cardiovascular disease (CVD) risk in women (18) . The clinical centers in Cincinnati, OH, and Washington, DC, elected to conduct an ancillary project, collecting fasting blood samples for the measurement of glucose and insulin in years 1 and 10. Race was self-declared, and enrollment was restricted to racially concordant households-ie, to girls who said they were black or white and whose parents or guardians said that they were black or white, respectively. The Cincinnati clinic recruited girls from public and parochial schools in the inner city, within-city residential neighborhoods, and suburban areas; the Washington clinic recruited girls from a health maintenance organization.
Written informed consent was obtained from the girls' parents or guardians, and written assent was obtained from the girls. The procedures followed were in accordance with the ethical standards of the institutional review boards of the 2 centers, which approved the study.
Clinical measures
In the NGHS, obesity was assessed annually according to a standard protocol (18) using BMI (in kg/m 2 ) as recommended by several expert panels (22) (23) (24) . In addition, beginning in year 2, waist circumference was measured at the minimum waist as an indicator of fat patterning. Pubertal maturation was visually assessed by trained, certified staff using a modification of Tanner staging to include areolar development instead of breast development (25) . Insulin and glucose concentrations were measured after an overnight fast (ͧ8 h) using the Michigan Diabetes Research and Training Center (Ann Arbor) in year 1 (age 9 -10 y) and the Endocrine Laboratory at the University of Cincinnati/ Children's Medical Center in year 10 (age 18 -19 y). All of the 9 -10-y-old children were evaluated in one batch assay in Michigan, and all 18 -19-y-old subjects were evaluated in a separate batch assay in Cincinnati. Both insulin assays used a competitive protein-binding radioimmunoassay. To assess whether possible differences in insulin assays may have affected interpretation of the data, z scores of each assay (separated by race) were used to calculate changes in insulin and IR values in analyses that incorporated changes in insulin and IR as explanatory variables. Glucose was measured at year 1 by using a hexokinase reagent (Boehringer-Mannheim Inc, Mannheim, Germany) and at year 10 by using the glucose oxidase method with the Hitachi 704 chemistry analyzer (Roche Diagnostics, Indianapolis, IN). CVs ranged from 5% to 11% for insulin and from 2% to 7% for glucose in year 1, and they were 9% and 4%, respectively, in year 10. Homeostasis model assessment of IR (HOMA-IR), which correlates HOMA with estimates of IR measured by the euglycemic clamp technique, was used as an index of IR (26) . Although the HOMA-IR measure is less accurate than the euglycemic clamp method, in large epidemiologic studies, it is a reasonable alternative to the complicated clamp method that requires continuous intravenous administration of insulin and glucose for 3 h for calculation of insulin sensitivity (27) . Huang et al (28) studied HOMA-IR in white and black children and concluded, "ѧa modified HOMA equation accurately predicted insulin sensitivity, but its utility is similar to [that of] fasting insulin alone."
In these analyses, we defined T2DM as a fasting glucose concentration of ͧ126 mg/dL and IFG as a glucose concentration of ͧ100 but 126 mg/dL to comport with the American Diabetes Association's 2004 changes in the definition of IFG (29) . To increase the number of cases for analysis, we combined IFG and T2DM cases in some analyses. Parental history of diabetes was obtained for participants by investigator-directed interviews with each child's parents or guardians.
Dietary and parental socioeconomic data
In 8 of the 10 yearly follow-up visits (years 1, 2, 3, 4, 5, 7, 8, and 10), a 3-d dietary diary was completed by the girls and retrieved by Registered Dietitians. The data were entered and summarized for analyses by using the most current version of the NUTRITION DATA SYSTEM for RESEARCH software (30) (18) .
Statistical analysis
All analyses were performed with the use of SAS software (version 9.1; SAS Inc, Cary, NC). The analyses of pre-teen HOMA-IR and IFG, and the development of IFG and T2DM at age 18 -19 y included subjects with complete data on age, race, and BMI, plus fasting HOMA-IR at age 9 -10 and 18 -19 y (n ҃ 639). Including dietary factors as explanatory variables restricted the analysis sample to 521 girls. The addition of a parental history of diabetes to the regression models for development of IFG and T2DM required all previously mentioned data plus a family history, which further restricted the sample size to 437 (Table 4 ). The number of participants included in different analyses by virtue of the data required for those analyses and the data available are shown in Figure 1 by data required and analyzed.
Because we hypothesized that pre-teen HOMA-IR would interact with mean dietary fat during adolescence to explain changes in BMI, the sample size for these analyses were the same as that for the analyses of the development of IFG and T2DM using dietary factors (n ҃ 521). The change in BMI was calculated as BMI at age 18 -19 y minus BMI at age 9 -10 y, without consideration of BMI fluctuations in the intervening 10 y.
Black-white differences in household income and maximal parental education were assessed by using the Mantel-Haenszel chi-square test. Summary statistics were used to describe the analysis sample of white and black girls at study entry (age 9 -10 y) and 10 y later. Differences in age were compared by using Wilcoxon's tests, and differences in other study variables were compared by using analysis of variance (ANOVA) after adjustment for age. Mean Ȁ SD insulin, glucose, and HOMA-IR also were calculated at each visit for girls categorized by obesity status (using the age-and sex-specific 95th percentile of BMI from the Centers for Disease Control and Prevention 2000 dataset as the cutoff for obesity). Differences between race in the percentage of girls who were pubertal at age 9 -10 y, percentage of parents with T2DM, and percentage of subjects with IFG and T2DM at age 18 -19 y were tested for significance by using chi-square tests.
Differences in nutrient intake between races were assessed by using ANOVA after adjustment for age. Within-race changes in nutrient intake over 10 y were assessed by using paired Wilcoxon's tests.
To evaluate the interaction of baseline HOMA-IR and the percentage of calories from fat during the 10-y follow-up as an explanation for the 10-y increase in BMI, we separated the girls in the top tertile and the bottom 2 tertiles of HOMA-IR at baseline and those in the top tertile and the bottom 2 tertiles of calories from fat during follow-up. This separation was done by race. Next we compared the mean (and median) changes in BMI during the 10-y follow-up. Differences in the distributions of glucose concentrations of 100, 100 -126, and ͧ126 mg/dL at age 18 -19 y in subjects categorized by glucose concentrations at age 9 -10 y were determined by using Fisher's exact test or the Mantel-Haenszel chi-square test.
To explain changes in BMI or waist circumference, regression analyses were carried out by using a backward elimination procedure. Explanatory variables included age, BMI (or waist), HOMA-IR, and maturation stage at age 9 -10 y. Additional explanatory variables included the 10-y changes in HOMA-IR and dietary factors (mean total calories and percentage of calories from fat, protein, and carbohydrate during follow-up) and the age 9 -10 y HOMA-IR ҂ dietary factors interaction. For 10-y BMI changes, the 521 girls with complete data needed for regression analyses had 1-8 validated 3-d dietary records (mean: 7.3 Ȁ 1.08 three-day dietary records). For 10-y waist changes, 512 girls had complete data. These analyses were conducted separately for black and white girls.
As an initial evaluation of pre-teen predictors of IFG and T2DM at age 18 -19 y, a series of univariate logistic regression analyses were used to test predictive capabilities (area under receiver operating characteristic curve) of each of the conventional risk factors-ie, age 9 -10 y BMI, waist, insulin, glucose, HOMA-IR, and IFG-for the outcomes. Next, a series of stepwise logistic regressions analyses were conducted to identify predictors of IFG and T2DM at age 18 -19 y, beginning with race and age 9 -10 y factors, including age, BMI, HOMA-IR (or insulin), and IFG status. In subsequent regression models, these same factors plus 10-y changes in BMI and HOMA-IR (or insulin), dietary intake, and the interactions of diet with baseline BMI, HOMA-IR, or insulin were added as candidate predictors. Finally, parental history of T2DM and the interactions of parental history of T2DM with baseline HOMA-IR or insulin, with BMI, and with IFG were added as candidate explanatory variables. In these logistic models, odds ratios were calculated for the increments in the predictors, scaled as follows: 5 uU/mL for insulin (representing 43% of SD for insulin in black girls and 57% of SD for white girls), 5 mg/dL for glucose (71% of SD for glucose for black girls and 63% for white 1 HOMA-IR, homeostasis model assessment of insulin resistance; IFG, impaired fasting glucose. Obesity was defined as BMI ͧ 2000 Centers for Disease Control and Prevention age-and sex-specific 95th percentile. Differences in age were compared by using Wilcoxon tests; differences in other study variables (except those compared by using chi-square tests) were compared by using ANOVA after adjustment for age.
2 Comparisons between races. 3 x Ȁ SD (all such values). 4 Percentage is based on the numerator/denominator in parentheses (all such values). 5 n in brackets (all such). girls), 100 cal/d for total caloric intake (25% of SD for total caloric intake in black girls and 29% of SD for white girls), and 1 unit for HOMA-IR (34% of SD of HOMA IR for black girls and 44% of SD for white girls). Because the insulin assays for years 1 and 10 were performed in different laboratories, we repeated the analyses that involved changes in insulin and HOMA-IR as explanatory variables, by using the changes in z scores for these values. The results using z scores did not differ from those using the raw data; for the results using z scores, see Tables S1-S4 under "Supplemental data" in the current online issue. To assess the effects of pubertal stage and BMI at age 9 -10 y on black-white comparisons, 108 black and 108 white 9 -10-y-olds were matched by pubertal status and BMI, and subsequent comparisons were conducted by using Wilcoxon's tests. Table 1 , there were significant socioeconomic differences between the black and white participants. Household income was higher in the white than in the black families, and the white parents had more education than did the black parents, but there was a wide distribution of income levels and educational achievement in each racial group.
RESULTS

As shown in
The black girls were significantly older than the white girls both at entry into NGHS and at year 10, but the mean difference in age was only 3.6 mo at entry and 2.4 mo at age 18 -19 y (Table  1) . A greater percentage of black girls than of white girls were pubertal at age 9 -10 y. After adjustment for age, black girls had greater BMI, waist, insulin, and HOMA-IR at both age 9 -10 and age 18 -19 y. In addition, black girls had higher glucose at age 18 -19 y. Given the strong positive association of serum insulin concentration with the onset of puberty and obesity and given the black-white differences in both pubertal status and BMI, we matched 108 black girls with 108 white girls by BMI and pubertal stage and then compared insulin, glucose, and HOMA-IR concentrations. The pattern of black-white differences in these 216 paired girls (data not shown) was essentially the same as that shown for the total cohort in Table 1 .
When comparisons of mean insulin and HOMA-IR were examined within obesity categories, differences between obese black and white girls were not significant (P ͧ 0.3 at each visit), but differences between nonobese black and white girls were significant both at age 9 -10 y and age 18 -19 y (P ͨ 0.0001, Table 1 ). Signficantly more black girls than white girls developed IFG or T2DM (P ҃ 0.047, Table 1 ).
The summary data for dietary intake by race at ages 9 -10 and 18 -19 y are shown in Table 2 . The difference in total caloric intake was not significant at age 9 -10 y but was significantly (P ҃ 0.040) greater in black girls at 18 -19 y. At age 9 -10 y, black girls reported eating a greater percentage of calories from fat (P ҃ 0.0005) and a lower percentage of calories from carbohydrate (P ҃ 0.0022) than did white girls; the percentage of calories from protein did not differ by race. At age 18 -19 y, black girls reported eating a greater percentage of calories from fat and a lower percentage of calories from carbohydrate (P 0.0001 for both) than did white girls. The percentage of calories from protein did not differ significantly by race ( Table 2 ). In 108 blackwhite pairs of 9 -10-y-olds, matched by pubertal status and BMI, the pattern of black-white differences shown in Table 2 was not changed (data not shown).
Pre-teen predictors of increases in body mass and waist circumference
As shown in Table 3 , girls in the top tertiles of HOMA-IR and dietary fat at baseline had a greater 10-y increase in BMI than did girls with baseline HOMA-IR and dietary fat in the bottom 2 tertiles (white girls: 7.0 and 5.3, respectively; P ҃ 0.002; black girls: 9.2 and 7.2, respectively; P ҃ 0.054). Of white girls in the top tertile of age 9 -10 y HOMA-IR, those also in the top tertile of percentage of calories from fat had a larger 10-y increase in BMI than did white girls in the bottom 2 tertiles of percentage of calories from fat (7.0 and 5.6, respectively; P ҃ 0.014; Table 3 ). Of white girls in the top tertile for dietary fat, BMI increased more in those with top tertile HOMA-IR than in those in the bottom 2 tertiles (7.0 and 6.1, respectively; P ҃ 0.062). Of black girls in the top tertile of percentage of calories from fat, those with top tertile HOMA-IR at age 9 -10 y had a greater 10-y increment in BMI than did those in the bottom 2 tertiles of HOMA-IR (9.2 and 6.6, respectively; P ҃ 0.023; Table 3 ).
For white girls, baseline BMI was not a significant predictor of 10-y change in BMI, but change in HOMA-IR (partial R 2 ҃ 12.4%) and the baseline HOMA-IR ҂ fat calories interaction (27%) were significant ( Table 4 ). In the model for black girls, baseline BMI, change in HOMA-IR, and the baseline HOMA-IR ҂ percentage of calories from fat were significant; the highest partial R 2 (13.7%) was for baseline BMI. In addition, in black girls, pubertal maturation stage at baseline was negatively associated with the change in BMI. The partial R 2 associated with the baseline HOMA-IR ҂ percentage of calories from fat interaction was 27.0% in the white girls and 3.6% in black girls. When dietary sugar, added sugar, and fiber were added to the regression models, they did not stay in the model as significant explanatory variables, and the resultant model did not change (data not shown).
In regression analyses to identify predictors of the changes in waist circumference from age 10 -11 y to age 18 -19 y, baseline waist, baseline IR interacting with fat calories, and HOMA-IR were significant in the model for both black and white girls ( Table 5 ). In addition, in black girls, pubertal maturation stage was a significant (negative) predictor. The dietary fat ҂ age 9 -10 y HOMA-IR interaction explained 18.0% of the variability in the change in waist in white girls and 6.7% of that in black girls.
Pre-teen predictors of impaired fasting glucose and type 2 diabetes mellitus at age 18 -19 y
By age 18 -19 y, 5 (1.4%) of 359 black girls had developed T2DM, whereas none of the 280 white girls had done so; in addition, 25 (7%) of 359 black girls had developed IFG compared with 12 (4.3%) of 280 white girls (chi-square: 6.1, df: 2; P ҃ 0.047; Table 1 ). The number and percentage of girls by race and by glucose concentration-normal or IFG-at entry (age 9 -10) is shown in Table 6 , which also shows glucose status at age 18 -19 y: ie, normal, IFG, or T2DM. At entry, 37 (13%) of 280 white girls had glucose concentrations consistent with IFG, and 243 had glucose concentrations of 100 mg/dL (Table 6 ). None of the white girls had T2DM at follow-up (age 18 -19 y). Of the 243 white girls with normal glucose at entry, 236 (97%) had normal glucose and 7 (3%) had IFG at follow-up (Table 6 ). Of the 37 white girls with IFG at age 9 -10 y, 32 (86%) had normal glucose and 5 (14%) had IFG at age 18 -19 y. Baseline IFG was significantly associated with IFG at age 18 -19 y in white girls (P ҃ 0.012, Fisher's exact test; Table 6 ). Of the 37 white girls with glucose concentrations consistent with IFG at entry, (Table  6 ). Five black girls had T2DM and 25 had IFG at age 18 -19 y. Of the 299 black girls with normal glucose at entry, 284 (95%) had normal glucose, 12 (4%) had IFG, and 3 (1%) had T2DM at follow-up 10 y later. Of the 60 black girls with glucose concentrations consistent with IFG at age 9 -10 y, 45 (75%) had normal glucose, 13 (22%) had IFG, and 2 (3%) had T2DM at age 18 -19. The association of baseline glucose category with glucose category at age 18 -19 y was significant (P ҃ 0.0004; Table 6 ). Of the 60 black girls with IFG at age 9 -10 y, the changes in BMI percentile or change in IR did not differ between the 15 girls who developed IFG or T2DM at age 18 -19 y and the 45 who did not (data not shown).
BMI, IFG status, glucose, insulin, HOMA-IR at age 9 -10 y, and waist at age10-11 y were evaluated as predictors of T2DM at age 18 -19 y in univariate logistic regression analyses; only insulin and HOMA-IR were significant (Table 7) . When IFG or IFG plus T2DM at age 18 -19 y was the outcome in the univariate analyses, 9 -10-y-old BMI, waist circumference, presence of IFG, and glucose, insulin, and IR concentrations were significant predictors ( Table 7) .
Multivariate stepwise logistic regression analyses run to identify early predictors of elevated glucose at age 18 -19 y consistently identified age 9 -10 y HOMA-IR (or insulin) and IFG as significant ( Tables 8, 9 , and 10). When race and baseline age, BMI, HOMA-IR (or insulin), and IFG were the only candidate predictors, 639 girls (5 cases of T2DM and 37 cases of IFG) were used in the regression model (Table 8 ). Both age 9 -10 y HOMA-IR (or insulin) and IFG were significant explanatory variables (Table 8) . When changes in HOMA-IR and dietary data were added as candidates, 521 girls (2 incident cases of T2DM and 26 cases of IFG) were used in the regression model (Table 9) . Baseline IFG and HOMA-IR (or insulin) again were significant, as was the 10-y increase in HOMA-IR (or insulin) ( Table 3) . When parental history of diabetes was added, 437 girls (2 incident cases of T2DM and 23 cases of IFG) were used in the regression model (Table 4) . Here, baseline IFG and the 10-y increase in HOMA-IR (or insulin) were significant predictors for IFGѿT2DM. The baseline insulin ҂ total calories interaction was significantly associated with IFG ѿ T2DM, but parental history of diabetes was not significant (Table 4) . Results were consistent whether 1 category of elevated glucose (glucose ͧ 100 mg/dL) or 2 categories (100 ͨ glucose 126 mg/dL and glucose ͧ 126 mg/dL) were used (Table 10) .
DISCUSSION
The central, novel finding in our 10-y prospective, longitudinal study of obesity and the development of IFG and T2DM in black and white girls starting at age 9 -10 y was the key role of pre-teen HOMA-IR (or insulin) and its interactions with dietary fat or calories for the increases in BMI (and waist circumference) and the incidence of IFG and T2DM at age 18 -19 y. Thus, documentation of hyperinsulinemia, HOMA-IR, and IFG at age 9 -10 y identifies children at greater risk of developing IFG, T2DM, and obesity, as does rapidly increasing IR (and insulin) during adolescence. Within this frame of reference, Steinberger and Daniels (8) concluded, "ѧinsulin resistance often is associated with T2DM[;] the first step in assessment is to identify children who would benefit from intervention." The concordance of insulin and HOMA-IR concentrations in obese black and white girls but not in nonobese black and white girls (Table  5) suggests that, when white girls become obese, they attain the same insulin resistance as do black girls and they lose the lower HOMA-IR present in nonobese white girls than in nonobese black girls. Moreover, after pairing black girls and white girls by BMI and pubertal status at age 9 -10 y, group interracial differences in insulin, glucose, and HOMA-IR were maintained. Furthermore, although the interaction of HOMA-IR and fat calories was a highly significant independent predictor of 10-y change in BMI in both black and white girls, this interaction term accounted for 27.0% of the variability in the 10-y change in BMI in white girls and for 3.6% in black girls, which suggests that IR and dietary fat may play a larger role in the development of obesity in white girls than in black girls.
The finding of a positive role for the baseline HOMA-IR interaction with fat calories in the 10-y increases in BMI comports with the report by Mosca et al (17) in a 14-y longitudinal study in adults, in which weight gain over time was positively associated with fat intake in both insulin-resistant and insulinsensitive subjects, but the slope of the fat intake-weight gain association was greater in the subjects with IR. Kahn and Flier (31) proposed that IR and hyperinsulinemia, in addition to being caused by obesity, can contribute to the development of obesity via an interaction with total and fat calories, as observed in the present longitudinal study. Lustig (15) theorized that the genesis of obesity may lie in hyperinsulinemia. In the current report, congruent with results from previous tracking studies (19 -21) , pre-teen BMI was a major independent predictor of change in BMI at age 18 -19 y in black girls. The prevalence of IFG among adolescents in 1999 -2000, based on data from the National Health and Nutrition Examination Survey (NHANES), was 7%, higher in boys than in girls (10% compared with 4%) (32) , and higher in obese than in normal-weight adolescents (17.8% compared with 2.8%) (32) . Adolescents with IFG appeared to be at greater risk of T2DM and to have higher fasting insulin, total and LDL-cholesterol, and triglyceride concentrations; higher systolic blood pressure; and lower HDL-cholesterol concentrations than did adolescents with normal fasting glucose (100 mg/dL) (32) . Findings from the current study confirm that the presence of IFG at age 9 -10 y is associated with greater risk of T2DM at age 18 -19 y. Nichols et al (33) followed adult health maintenance organization patients over a 9-y period and reported that 8.1% of subjects who had glucose values of 100 to 109 mg/dL progressed to T2DM during follow-up and that those who did progress did so within a mean of 41.4 mo and at a rate of 1.34%/y. In contrast, 24.3% of subjects with original glucose values of 110 to 125 mg/dL progressed to T2DM during follow-up and did so within a mean of 29 mo and at a rate of 5.56%/y (33). In the present study, the interaction of age 9 -10 y HOMA-IR with the percentage of calories from fat was independently predictive of 10-y weight gain in childhood. Moreover, age 9 -10 y HOMA IR and IFG, 10-y change in HOMA-IR (or insulin), and the interaction of age 9 -10 y insulin with total caloric intake was independently predictive of the development of IFG and T2DM at age 18 -19 y. These findings were congruent with reports by Mosca et al (17) , Kahn and Flier (31), Odeleye et al (12) , and Sigal et al (14) . The consistent negative associations between maturation stage and the change in BMI seem to reflect the additional premenarcheal growth attained by these girls at age 9 -10 y.
In contrast to the current study and to other reports that IR (12, 14) and interaction between IR and calories from fat (17) are central to the development of obesity in adolescence and young adulthood, studies by Travers et al (13), Maffeis et al (16) , and Hoffman et al (34) reported that IR leads to less weight gain and less body fatness. Schwartz et al (35) prospectively studied Pima Indian adults over a 3-y period. The presence of IR relative to other children was associated with an independent reduction in the risk of weight gain in some regression analyses.
The present study has the following limitations. First, participants were not a random selection from the United States population, as in the National Health and Nutrition Examination Survey, but they came from a biracial schoolgirl population and from a health maintenance organization. Thus, the data, although suggestive, should be confirmed and cannot be extrapolated to all adolescent girls. Second, magnetic resonance imaging (36) or computed tomography visceral fat measurements to estimate intravisceral and extravisceral fat measurements were not done. Third, 3-d dietary diary data may reflect actual dietary intake less optimally than does a 7-d record (37) . Fourth, the insulin concentrtions at baseline and follow-up were measured in 2 different laboratories using competitive protein-binding radioimmunoassays, which is a potential problem because the same insulin assay in different laboratories may give different results (38) . However, in the regression models that included change in HOMA-IR or change in insulin, either of which may have been affected by systematic differences in insulin observed by virtue of different (albeit very similar) insulin assays, the z score transformation of change in HOMA-IR and insulin provided results nearly identical to the untransformed data. This finding suggested that the observations of the effects of changes in HOMA-IR or insulin were independent of putative assay differences.
If insulin or HOMA-IR is documented at age 9 -10 y, and if these factors increase during adolescence, and if diet and exercise, metformin, or all (39 -44) are then initiated, we speculate that the development of obesity as well as IFG and T2DM at age 18 -19 y may be reduced, with an ultimate goal of primary prevention of both progressive obesity and T2DM. In the present study, the significant association between 10-y change in BMI and an interaction between HOMA-IR and calories from fat highlights IR as a major modifiable target in the prevention or reduction of obesity.
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